**Purpose:** The instructive capabilities of extracellular matrix components in progenitor cell differentiation have recently generated significant interest in the development of bioinspired materials for regenerative applications. Previously, we demonstrated that a nanoparticulate mineralized collagen glycosaminoglycan material (MC-GAG) induced in vivo calvarial regeneration in the absence of exogenous growth factors or addition of exogenous progenitor cells via an autogenous activation of Smad1/5 in the canonical bone morphogenetic protein receptor (BMPR) signaling pathway in endogenous progenitor cells. We also demonstrated that this phenomenon was not found in non-mineralized collagen glycosaminoglycan (Col-GAG). In this work, we investigated the contribution of inorganic ion signaling as the trigger for osteogenic differentiation induced by MC-GAG.

**Methods:** Primary bone marrow-derived human mesenchymal stem cells (hMSCs) were osteogenically differentiated on Col-GAG and MC-GAG materials for 1, 2, or 8 weeks in the absence and presence of 1 mM phosphonoformic acid (PFA), 10 µM NPS-2143 (NPS), or 10 µM nifedipine (Nif), inhibitors of the sodium phosphate symporters (PiT-1/2), calcium sensing receptor (CaSR), and L-type voltage gated calcium channels (L-VGCCs), respectively. Quantitative reverse transcriptase, western blot, micro-computed tomography (micro-CT), and histologic analyses were performed to assess gene expression, activation of intracellular signaling mediators, and mineralization.

**Results:** PFA inhibited activation of Smad1/5 phosphorylation and mineralization of hMSCs on both Col-GAG and MC-GAG materials, suggesting that phosphate signaling is necessary for osteogenic differentiation regardless of material. In contrast, while calcium signaling was also necessary for osteogenic differentiation on either material, Col-GAG required CaSR while MC-GAG required L-VGCCs. In both circumstances, the activation of Smad1/5 was less pronounced than the activation of ERK1/2 phosphorylation. Finally, unlike Col-GAG which required addition of phosphate in growth media for hMSC differentiation, hMSCs cultured on MC-GAG underwent osteogenic differentiation in standard growth media.

**Conclusion:** Our current work suggests that the osteogenic activity of MC-GAG, an extracellular matrix-inspired regenerative material, is directly related to the nanoparticulate inorganic content via the activation of the sodium phosphate symporters and the L-type voltage gated calcium channels.
